Abstract This research explores how inter-organizational relationship interacts with factors affecting the development and implementation of information sharing. On the basis of the resource-based view and relational risk perspective, we developed a model which comprises three research hypotheses with three constructs, including relational benefits, relational risk, and information sharing. The constructs are measured by well-supported measures in the literature. Structural equation modeling was used to analyze survey data collected from 528 manufacturing firms that were among the top 1,000 Taiwanese manufacturing firms of 2011 listed by Business Weekly. The results of the empirical study suggest that relational benefits are critical in ensuring information sharing and mitigate relational risk in the process. The findings of the study provide useful insights into how supply chain members can reinforce their relational benefits and mitigate probable risks so as to improve their collaborative behaviors and in turn enhance information sharing for the supply chain as a whole.
Introduction
Information sharing has increasingly become an important issue for the supply chains. By making greater information available and sharing it among supply chain members such as suppliers or subcontractors, a manufacturing firm can make better decisions on ordering, production planning, and capacity allocation so that the supply chain dynamics can be optimized [1] . Information sharing plays a key role in a supply chain since it can help firms to achieve specific objectives and benefits in terms of reductions in total costs and inventories to maximize profits [2, 3] and enhance supply chain performance [4] . Because it enhances the competitive advantage of the supply chain as a whole, inter-organizational information sharing in a supply chain has thus become a common practice [5] [6] [7] .
To achieve the advantages of information sharing, it is of strategic importance for the firms to understand those factors relating to inter-organizational relationships that affect the members' intention to exchange information. Existing research has focused on modeling all the factors under investigation as precursors or independent variables that directly affect the behaviors of inter-organizational information sharing [6] [7] [8] . Research on inter-organizational information sharing, have examined uncertainty, facilitators, trust, commitment, and shared vision, among other factors [6] . Little has examined the inter-relationship between relational governance and risk management that affect information sharing and these relationships, despite being an important issue in inter-organizational research [9, 10] . It is generally believed that the information sharing is greater when parties have a good relationship [11] . As such, both partners in a relationship begin to value the relationships and the probability of relational risk behaviors will diminish accordingly.
Relational governance and risk management are major perspectives which concern the maintenance of the relationship between supply chain members and mitigate the probability of relational risk behaviors in supply chains [9, 10] . Creating superior governance value and managing probable relational risk are fundamental to a firm's long-term survival and success in supply chains. Because partners that deliver superior benefits will be highly valued, a firm will commit to developing and maintaining relationships with partners [12] [13] [14] . It implies that firms are confronted with a relational risk when they develop inter-organizational relationships [15, 16] . Thus, value-based relationships become part of relational governance, which involves the evaluation of the risk and benefits that a company incurs through the relational exchange. Resource-based view concentrates on the specific relational resources, which can be measured based on the benefits gained through relationships, among other factors. Consequently, this study draws on the theories of relational view (such as resource-based view), supplemented by the relational risk, to examine what value-based relationships can improve information sharing in supply chains.
To address this issue in supply chains, this study examines how inter-organizational relational benefits affect information sharing in supply chains. Relational benefits are used to measure benefits derived from relationships. Then, we look into how relational risk mediates the influence of inter-organizational relational benefits on interorganizational information sharing. To verify this research model, an empirical study of Taiwan's top 1,000 manufacturing firms and their supply chain suppliers and subcontractors was conducted.
In subsequent sections, we first give an overview of inter-organizational relationship and information sharing in supply chains. Next we discuss the factors affecting interorganizational information sharing and present the research model with three hypotheses. We then describe the survey instrument developed and the data collected from manufacturing firms in Taiwan, followed by testing the model using structural equation modeling. Finally, we discuss the results, their theoretical and practical implications, and suggestions for future research.
Relational governance and risk management in inter-organizational information sharing
Inter-organizational information sharing can enhance each firm's information base and competitiveness as information is a source of competitive advantage [5, 17] . Information sharing in the supply chain involves activities relevant to transferring or disseminating valuable information from manufacturing firms to their partners, with a view to developing value-added capabilities for effective problemsolving. By taking greater information available and sharing it with partners, a manufacturing firm can enhance information flow, respond quickly to changing customer needs, and improve the efficiency and effectiveness of the supply chain [6, 18] . To achieve the benefits of interorganizational information sharing, it is essential for all the parties involved to value the relationships and control the probability of relational risk behaviors more appropriately. Relational governance and risk management are key determinant of competitive advantage, which are built and enhanced to achieve corporate goals. Prior research almost unanimously supports the positive influence of inter-organizational relationships on a firm's performance [12, 19, 20] . Nevertheless, some scholars suggested some possible negative influences of strong embedded ties on business success [21, 22] . Anderson and Jap [21] proposed that close interfirm relationships ''provide an opportunity for covert activities designed to systematically cheat a partner''. Selnes and Sallis [22] argued that a dark side of relationship can have a negative interaction between trust and knowledge exchange behavior on relationship performance. Relational governance is the most important instrument applied by the partners to manage relational risk [9, 10] . Managing relational risk requires appropriate relational governance for adaptable control and collaboration simultaneously in a dynamic environment. Relational governance has been shown to solve exchange problems and enhance performance [20] . Several prevailing theories have recommended relational governance for managing supply chain relationships and relational risk behaviors. Resource-based view and relational risk are relative to theories of relational view. Resource-based view emphasizes the collaboration for generating value from resourcebased and the others concentrate on relational risk behaviors and opportunistic behaviors from the social environment. The establishment of a high level of information sharing through close relationships among supply chain partners enhances the competitive advantage of the supply chain as a whole [23] .
Resource-based view is a key theoretical perspective for analyzing specific relational resources in supply chains. Relational benefits as an important element of relational resources are consistent with the value-based perspective [24] that emphasizes the collaboration for generating value from relational resource. In service relationships, the relational benefits provided by the company affect the customer's willingness to build and maintain long-term and positive relationships with the company [25] . This in turn will create customer loyalty, improved sales levels and higher profit margins. On the whole, the mutual interests can influence the willingness to cooperate and connect and the inclination to maintain interrelationships. As the cooperative relationship leads to favorable effects cooperation will be adopted as the norm.
In agreement with the organizational behavior literatures, not all relationships result in mutual benefits [26] . Previous studies have disclosed part of the dark side of close interfirm relationships where partners have the incentive to contort the cooperation due to conflicts of interest between firms [15, 16] . Inter-organizational relationships are characterized by inherent instability arising from uncertainty with respect to a partner's future behavior and the lack of a higher control to force compliance. Consequently, when firms develop inter-organizational relationships, they are confronted with relational risks [15, 16, 27] , such as opportunistic behaviors, dysfunctional conflicts, non-learning risks and loss of competences. The concept of relational risk includes the probability and effect that partners do not cooperate in a desired manner [28] . According to this perspective, the partners in a relationship will behave opportunistically to endanger the cooperation.
To address this issue of inter-organizational information sharing in supply chains, this study examines how interorganizational relational benefits through relational risk affect information sharing in supply chains. Firms tend to band together if they perceive cooperation with each other will create value to the interfirm relationship. The value created by successful supply chain collaboration benefits all parties [29] . Accordingly, supply chain partners in a collaborative relationship begin to reinforce intention to connect in an attempt to achieve information sharing behavior and will not behave opportunistically because they do not want to endanger the relationship [30] . The constructs and hypotheses of the research model are discussed in the section that follows.
3
The research model Figure 1 shows the new research model with the factors. It begins with inter-organizational relational benefits and then proceeds on to the mediating variables which also affect information sharing. Three hypotheses were tested with respect to this model. Each hypothesis is indicated by the letter H and a number. The arrows indicate the hypothesized relationships, and the plus and minus signs indicate positive and negative relationships respectively.
Relational benefits
Prior research has shown that relational benefit is an antecedent to building a long-term relationship [25, 31] . Relational benefits refer to the benefits that customers receive from long-term relationships above and beyond the core product or service performance [25] . In a supply chain, partners in relational exchanges cooperate to enhance more overall inter-organizational performance. The partner will choose to cooperate with the firm that provides it with greater benefits. Generally, perception of benefit depends on several dimensions pertaining to productivity, effectiveness, product profitability, customer satisfaction, and market share performance [12, 32] . If supply chain partners perceive relational benefits as a part of a long-term relationship, then this would subsequently increase the interorganizational knowledge or information sharing [33] . Such attitudes will be further reflected as a positive influence on information sharing behavior. It is thus hypothesized that:
H1 Relational benefits are positively related to information sharing
Relationship benefits are one of the critical relationship commitment decision factors [12] . In general, inter-organizational benefits lead directly to cooperative behaviors for relational exchange success and involve little risks. While the relational benefits are weak, the partner will not abide by their commitment out of their own interests and this will lead to a possibly risky situation. It is thus hypothesized that:
H2 Relational benefits are negatively related to relational risk
Relational risk
In strategic alliances, relational risk is defined as the probability and consequences of not having satisfactory cooperation [34] or as the probability and consequence of experiencing opportunistic behavior by the partner [27, 35] . The potential competitive relationship in supply chains can lead to relational risk behaviors by a partner. In this study, we adopt widely recognized factors related to partner's behavior and dependence in a supply chain, including opportunistic behavior, dysfunctional conflict, non-learning risk, and loss of competences, to determine relational risk. These will act as impediments to inter-organizational information sharing. The concept of opportunistic behavior is defined as ''self-interest seeking with guile'' [36] . Opportunistic behaviors involve deceit-oriented violation of implicit or explicit promises about one's appropriate or required role behavior [37] . The opportunistic partners may overthrow alliance goals if it becomes necessary to achieve their own goals [38] . Dysfunctional conflicts arise because firms have private benefits that are not necessarily congruent with those of their partners. Inter-organizational relationship involves various possible risk behaviors where partners do not cooperate in a desired manner [28] .
It has an opportunistic side because relationship partners place an emphasis on needs when influencing others [39] and on information gatekeeping [40] . Furthermore, some firms may have hidden agendas in the alliance such as secretly learning valuable know-how from the relationship partner that may subsequently create serious problems in cooperative interactions. Some relationship partners may have deployment strict policies or shielding mechanisms to protect core competences. All this suggests the possibility of low commitment to the cause of producing common benefits. In summary, firms must protect themselves against key knowledge appropriation by partners' relational risk behaviors [41] , thus impeding knowledge or information sharing between firms [42] . It is thus hypothesized that:
H3 Relational risk is negatively related to information sharing 4 Research method
To develop the survey instrument, a pool of items was identified from the literature for measuring the constructs of the research model. Data from a survey sample were collected to assess the instrument's validity and reliability, and to test the hypothesized relationships of the research model.
Content validity
All measures of the survey instrument were developed from supply chain literature. To measure relational benefits, we developed three items based on two studies [12, 43] . The twelve-item relational risk scale was based on the work of Morgan and Hunt [12] , Delerue [27] , Williamson [36] , Menon et al. [44] , Simonin [45] , and Morris and Cadogan [46] . Finally, the three information sharing items were adapted from Li and Lin [6] . The English version was developed first, then translated into Chinese, and then back-translated into English. When the back-translated English version was checked against the original English version, some questions were reworded to improve the accuracy of the translation. The expressions of the items were adjusted, where appropriate, to the context of supply chains, as shown in Table 1 . The items were to be measured on a seven-point Likert scale, ranging from 'Strongly disagree' (1) to 'Strongly agree' (7).
Pre-test and pilot-test
A pre-test was performed with three expert academics and four Ph.D. students on a questionnaire consisting of 18 items of the survey instrument for improvement in its content and appearance. Several large manufacturing firms were contacted to help with the pilot-test of the instrument. This study sought to choose respondents who were expected to have the best knowledge about the operation and management of the inter-organizational relationships between their manufacturing firm and its suppliers or subcontractors. Based on literature [47, 48] and recommendations from practitioners who were professionally knowledgeable about the operation and management of the inter-organizational relationships between their manufacturing firm and its suppliers or subcontractors, it was decided that function managers who are in the senior management team and involved in maintaining and developing inter-organizational relationships with suppliers or subcontractors of the firm be chosen as respondents for the current study. A survey packet including a cover letter explaining the research objectives, the questionnaire, and a stamped, return-addressed envelope, was distributed to the function managers of each participating firm. The respondents were asked to complete the questionnaire and provide comments on the wording, understandability and clarity of the items; in addition, the overall appearance and content of the instrument were also taken into account in the pilottest.
Only minor changes were suggested and no statements were removed. After making those adjustments and a review of the questionnaire again by two other expert academics, the instrument was ready to be sent to a large sample for the purpose of data collection for the verification of our research model. Table 1 shows the 18 items together with the corresponding constructs to be measured.
Data collection
The data were collected from organizations that were among the top 1,000 Taiwanese manufacturing firms of Inf Technol Manag 2011 listed by Business Weekly (Taiwan's leading business magazine). The result of this survey was 528 effective responses with the total response rate of 52.8 %. A Chi square analysis of the industry distribution of the respondents showed no difference from the industry distribution of all the firms used in the survey. The respondents were then further divided into two groups, including respondents and non-respondents. The comparison on industry type, total sales revenue, and years of establishment of the two groups also showed no significant differences based on the independent sample Chi square test (p = 0.542, 0.602 and 0.711, respectively). This suggested no non-response bias in the returned questionnaires. Table 2 shows the demographic and characteristic profiles of participating firms.
Additionally, the 528 respondents were function managers or other managers in the senior management team as in the case of the general manager, vice president, or CEO. To check for the potential bias of a single informant, the consistency between the data collected from function managers and other senior managers was verified. Consistent with past research [49] , inter-rater reliabilities (IRR) were calculated to show the agreement level between function managers and other senior managers. The average estimates of IRR were 0.912 for relational benefit, 0.901 for relational risk, and 0.912 for information sharing, respectively. All estimates exceeded the recommended cut-off value of 0.7 [50] , indicating the response consistency between the two groups.
Results
Structural equation modeling (SEM) with LISREL 8.52 [51] was used to test and analyze the hypothesized relationships of the research model. SEM aims to examine the inter-related relationships between a set of posited constructs simultaneously; each construct is measured by one or more observed items (measures). SEM involves the analysis of two models: a measurement (or confirmatory factor analysis) model and a structural model [52] . The measurement model specifies the relationships between the observed measures and their underlying constructs, which are allowed to inter-correlate, and the structural model specifies the posited causal relationships among the constructs.
Assessment of the measurement model
Prior to the analysis, we performed exploratory factor analysis using principal axis factoring to ascertain whether our items loaded onto a common latent factor. With the measures and their underlying constructs shown in Table 1 , the measurement model specified for the research model was found to be able to ascertain the extent to which the observed measures (surveyed items) actually measure their corresponding construct. The 18 items of the survey instrument were first analyzed to assess their dimensionality and measurement properties. An assessment of the Relational benefits RB1 Averagely speaking, the expected product profits of you and your partner in your cooperation is good [12] RB2 Averagely speaking, the expected product performance of you and your partner in your cooperation is good [12] RB3 Averagely speaking, the expected satisfaction of you and your partner in your cooperation is good [43] Relational risk RR1 To accomplish his own goals, sometimes your partner alters the facts slightly [12, 36] 
RR2
To accomplish his own goals, sometimes your partner promises to do things without actually doing them later [12, 36] RR3 Your partner breaches formal or informal agreements for his benefit [46] RR4 You will interfere with the decision making process in the cooperation [44, 46] RR5 You will overstate your needs to try to influence your partner [44, 46] RR6 You will overstate some information or facts to try to influence your partner [44, 46] 
RR7
Your partner has procedures to restrict the sharing of relevant information concerning its technology/know-how [27, 45] RR8 Your partner has routines to restrict the sharing of relevant information concerning its technology/know-how [27, 45] RR9 Your partner has policies to restrict the sharing of relevant information concerning its technology/know-how [27, 45] 
RR10
Our company has been able to protect its core capabilities from our partner [27] 
RR11
Our company has been able to protect its core skills from our partner [27] RR12 Our company has been successful in protecting its crown jewels form being appropriated by our partner [27] Information sharing IS1 Our partners share proprietary information with us [6] 
IS2
We provide information to our partner that might help our partner [6] 
IS3
We provide information to our partner frequently and informally, and not only according to the specific agreement [6] Inf Technol Manag eigenvalues suggested a three-factor solution, including relational benefits, relational risk, and information sharing. Besides this, all items loaded significantly and substantially on their underlying constructs, thus providing evidence of convergent validity. With a confirmatory factor analysis, all items performed well and were thus retained in the model. The Chi square of the measurement model was significant (v2 = 225.706, df = 465, p \ 0.01), with the value of v2/df smaller than 2, indicating an ideal fit [53] . The large Chi square value was not surprising since the Chi square statistic has been shown to be directly related to sample size [51] . To assess the overall model fit without being affected by the sample size, alternative stand-lone fit indices less sensitive to sample size were used. These indices included the goodness of fit index (GFI), the adjusted goodness of fit index (AGFI), the comparative fit index (CFI), and the root mean square error of approximation (RMSEA) [51] . To have a good model fit, GFI should be close to 0.90, AGFI more than 0.80, CFI more than 0.9, RMSR less than 0.05, and RMSEA less than 0.10 [51] . An assessment of the measurement model suggests an acceptable model fit (GFI = 0.922; AGFI = 0.903; CFI = 0.959; NFI = 0.920; RMSEA = 0.046).
To assess the reliability of the constructs, composite reliability (CR) was facilitated. All of the composite [51] . A variable's squared multiple correlation (SMC) is the proportion of its variance that is accounted for by its predictors. The average variance extracted (AVE) was greater than 0.5 in all cases, meaning that the variance accounted for by each of the constructs was greater than the variance accounted for by measurement error [51] . In addition, an assessment of discriminant validity between the constructs supported the model fit. Table 3 summarizes the assessment results of the measurement model. Table 4 refers to the inter-correlations between three constructs of the structural model, which supports the positive and negative relationships of the research model in Fig. 1 . The overall fit of the structural model is acceptable, since all measures of fit reach an acceptable level (v2 = 230.092, df = 466, p \ 0.01; GFI = 0.909; AGFI = 0.900; CFI = 0.931; NFI = 0.914; RMSEA = 0.048).
Assessment of the structural model

Common method bias
Following the suggestion of [54] , Harmon's one-factor test was run to ensure that common method variance did not account for our findings. Unrotated principal components analysis revealed three factors with eigenvalues greater than 1, which accounted for 61.1 % of the total variance. The first factor did not account for the majority of the variance (21.7 %). As no single factor emerged that accounted for most of the variance, common method bias does not appear to be a problem in the study.
Hypotheses testing
In SEM analysis, the relationships among independent and dependent variables were assessed simultaneously via covariance analysis. Maximum likelihood (ML) estimation was facilitated to estimate model parameters with the covariance matrix as data input. The ML estimation method has been described as being well suited to theory testing and development [52] . Figure 2 shows the structural model with the coefficients for each path (hypothesized relationship), where all hypothesized relationships are supported. Relational benefits are significantly associated with information sharing (H1: c = 0.248, t = 2.312, p \ 0.05). Relational benefits has a negative impact on relational risk (H2: c = -0.215, t = -3.832, p \ 0.01). Relational risk has a negative impact on information sharing (H3: c = -0.140, t = -2.816, p \ 0.01). Overall, the model explains 31.6 % of Inf Technol Manag the variance in relational risk and 59.5 % in information sharing.
Comparison with alternative models
This paper followed the procedure suggested by [55] and evaluated three models shown in Table 5 . The first was the proposed model: it allowed the partial mediation of relational risk while the second allowed fully mediation of relational risk. The third contained relational benefits and relational risk, and their direct impact on information sharing without any mediating variables. Model 1 proposed a partial mediated model for the effect of relational risk on information sharing, which was supported by our data. This model represents one of several possible ways in which the relationships between the constructs could be configured. Alternative models could also provide plausible predictions and explanations about the influences of relational risk on information sharing.
Specifically, relational benefit could affect information sharing through the mediation of relational risk (i.e. Model 2). On the other hand, relational benefits and relational risk could have a direct impact on information sharing without any mediation (i.e. Model 3). To explore these possibilities, we compared Model 1 with two alternative models, Models 2 and 3, on the following criteria: (1) the same model fit indices used to assess the research model; (2) the explanatory power of the predictive variables on the outcome variables, as measured by the R 2 of the outcome variables; (3) the percentage of the model's hypothesized parameters that are statistically significant. A comparison of the direct effect of relational benefits on information sharing between Models 1 and 3 revealed that the path coefficient of relational benefits dropped from 0.284 in Model 3 (p \ 0.01) to 0.248 in Model 1 (p \ 0.05) when the mediators were introduced into the model, revealing that relational risk partially mediated the influence of information sharing. The results satisfied the conditions suggested by [55] . Model 1 was better than Models 2 and 3 on all indices. With regard to the explanatory power, Model 2 explained a large percentage of variance (49.2 %). Model 3 explained only 34.7 % of the variance of information sharing. The results suggested that the partially mediated model was relatively better. Since the model fit indices were lower in Model 2 and Model 3, we conclude that Model 1 would be a better representation of the relationships among the constructs due to its good model fit.
Multi-group analysis
According to the returned questionnaires, the main area in which manufacturers and subcontractors (or suppliers) collaborate is technology transfer to develop new technologies and products (49.05 % of the collaboration items), which indicates that almost half of the collaboration is related to R&D. The 528 usable responses are divided into two groups. The group 1 0 s collaboration is related to R&D; on the other hand, the group 2 0 s collaboration isn't related to R&D. For examining the differences between the parameters of the two * and ** denote significance at p < 0.05 and p < 0.01 respectively. groups, the statistical comparison is made following the multi-group procedure suggested by [51] . With this procedure individual paths are separately examined across groups and it is tested whether the estimated coefficients for each group are equal using a Chi square difference test. The path coefficients of both groups were separately analyzed using a multiple group analysis, assuring that the model's goodness of fit is similar for both. For the R&D collaboration group, the fit indices were acceptable (v 2 /df = 0.47, GFI = 0.909; AGFI = 0.903; CFI = 0.933; NFI = 0.915; RMSEA = 0.045). For another group, the fit indices were also acceptable (v 2 /df = 0.56, GFI = 0.906; AGFI = 0.879; CFI = 0.928; NFI = 0.909; RMSEA = 0.051). The estimation results show that the differences between the parameters of the two groups are significant. The findings reveal that relational benefits has a significant positive impact on inter-organizational information sharing in the group 1 (c = 0.232, t = 2.831, p \ 0.01), but less significant in the group 2 (c = 0.234, t = 1.812, p \ 0.05). Relational benefits is significantly associated with relational risk in the group 1 (c = -0.267, t = -5.011, p \ 0.001), but less significant in the group 2 (c = -0.165, t = -2.677, p \ 0.01). Relational risk has a less significantly negative impact on information sharing (c = -0.109, t = -2.314, p \ 0.05) in the group 1, while significant is found in the group 2 (c = -0.170, t = -3.299, p \ 0.01).
Discussion
It is not surprising that relational benefits display a significantly positive effect on inter-organizational information sharing in Taiwan's supply chains. This is consistent with the value-based perspective [24] . According to this perspective, creating superior customer value is fundamental to a firm's long-term survival and success [13] . Firms tend to band together while they perceive cooperation among members of the Taiwan's supply chain will bring benefits that add value to the interfirm relationship. The critical role relationship benefits play in interfirm collaboration is supported by Ulaga and Eggert's findings that relationship benefits take on more weight than relational costs in the formation of customer value in business markets [24] .
Conforming to the hypothesis, relational benefits show evidence of a negative relationship with relational risk. This finding is in line with previous research on the subject. This may reflect that relational benefits of the supply chain parties are so considerable that relational risk among them is tolerated and conceived of as acceptable for achieving better information sharing. Therefore, it is essential that the firms are able to control these risks. This finding suggests that a good practice in forming an inter-organizational relationship in supply chains is to reinforce their relational benefits and thus mitigate probable relational risks. Traditionally, firms have tended to focus on the applications of IT on supply chain management; they have paid less attention on the development of inter-organizational relationships [6] . Our results instead demonstrate that the establishment of good inter-organizational relationships is a must for supply chain members.
Relational risk is found to have a negative impact on inter-organizational information sharing. This finding is noteworthy. It is well documented in the literature that there may be a 'dark side' in the long-term relationship [27, 56] . Some possible explanations regarding these relational dynamics include: parties in a long-term relationship may have the probability to act opportunistically [56] , have lost their objectivity, or have become too similar in thinking and therefore have less value to add. These phenomenon suggest that relational risk may well coexist with benefits at some points of time in the progressive development of supply chain relationships. This should put managers on alert that they must watch and understand what their partners really value at any stage of a relationship and deliver what are expected before the 'dark side' emerges. To the extent that you can offer superior benefits to the partner, the less likely relational risk behaviors would occur.
Theoretical implications
With the development of the new research model, the theoretical contributions of this paper to the literature are described as follows. To the best of our knowledge, the current study appears to be the first attempt to address the important issue of information sharing improvement in the context of supply chains. First, the results of this study contribute to the development of literature relating to interorganizational information sharing in supply chain. Specifically, although risk is an important opinion in the literature, noteworthy gaps remain in understanding its impact on inter-organizational information sharing [6] [7] [8] . We attempted to fill the gaps by identifying relational risk behaviors and investigated how the proposed antecedent affects inter-organizational information sharing. Therefore, this study makes a theoretical contribution in incorporating relational benefits with relational risk and inter-organizational information sharing for investigating the inter-organizational relationships between supply chain members. The theoretical framework established in this work can be applied to other forms of inter-organizational relationships involving information sharing.
Secondly, further the multi-group analysis of relational governance and risk management is a direct extension of the literature. According to our findings, relational benefits is significantly and positively associated with inter-organizational information sharing in the R&D collaboration group (group 1), but less significant in the without R&D collaboration group (group 2). Moreover, Relational risk has a less significantly negative impact on information sharing in the R&D collaboration group (group 1), while significant is found in the without R&D collaboration group (group 2). These activities of R&D collaboration are related to R&D functions that require substantial amounts of human resources, machines, time and a handsome sum of money to produce greater profits and the positive quality of cooperation [47] . In the R&D collaboration group (group 1), there would be no cut-and-run because the party perceives that only through continuity of collaboration can be the net-gainer and gains be achieved in the future. Thus, partners should ensure that there are stronger relational benefits within organizations so that relational risk behaviors do not damage the relationship or the future information sharing.
Managerial and practical implications
The result indicates that strengthening the business relationships leads to achieve company goals and create competitive advantages, inter-organizational information sharing is increasingly popular [6, 11] .This study provides useful insights for managers in developing inter-organizational information sharing. The findings of this study on the effects of relational benefits and relational risk, not only are in line with prior research, but also reveal how information sharing is significantly affected by relational benefits through other mediating variables such as relational risk. The most important implication for managerial and practical insights is that developing positive and effective collaborative relationships with business partners are the key to enhancing inter-organizational information sharing in supply chains. Therein, relevant parties can develop collaborative relationships by focusing on activities that would reinforce relational benefits and avoid activities that would increase the probability of relational risk behaviors. The inter-organizational information sharing can be achieved efficiently by enhancing the relational views of relational governance and managing the relational risk behaviors.
Conclusions
It is of strategic importance for a firm to understand the factors influencing the information sharing behavior in an inter-organizational relationship in supply chains. The concept of our research proved to be an insightful approach for exploring issues related to relational governance and risk management in supply chains. The contributions of the paper to the literature are described as follows. First, this paper extends current research by highlighting both the positive and negative side of inter-organizational relationships on information sharing. This study contributes to a better understanding of how relational benefits and relational risk influence information sharing, a key determinant of the performance of a supply chain partnership. Second, this study provided insights into how the positive effect of relational benefits reinforces collaboration in order to achieve the information sharing. Third, relational risk is found to be negatively associated with inter-organizational information sharing. Especially, how the relational views of relational governance (such as relational benefits) restrain encroachment, which is not dealt with in previous studies (e.g., [11] ). The findings of the study provide some practical insights into how supply chain members should reinforce their relational benefits so as to improve their value-based relationships and manage relational risk, in order to enhance inter-organizational information sharing for the supply chain as a whole.
This study suffers from some limitations relating to data collection and the interpretation of results. First, the findings reflect the setting of Taiwan's supply chains only. To address these inherent limitations, future research on crossindustrial studies on various forms of supply chains would be worth conducting to examine industrial differences in the development of inter-organizational relationships. Second, the subjects were manufacturing firms in Taiwan. However, differences in organizational culture exist in different sectors and different parts of the world. Finally, for reasons of simplicity and focus, this study did not consider all variables. Further research may also explore whether other constructs, such as relational governance mechanisms [57, 58] , will affect inter-organizational relationships among relational benefits, relational risk and information sharing.
